Ileal impaction is prevalent in the south-eastern USA, where feeding of Coastal Bermuda hay has been implicated as a risk f a c t o r. A l t e r n a t i v e l y, infection with the tapeworm Anoplocephala perfoliata has been identified as a risk factor f o r ileal impaction in the UK. We hypothesised that feeding Coastal Bermuda hay and failure to administer routinely an anthelmintic with efficacy against tapeworms would place horses at risk of developing ileal impaction in the USA. Seventy-eight horses, with surgically confirmed ileal impaction and 100 horses admitted for colic that did not have an ileal impaction, were selected re t rospectively for logistic re g re s s i o n analysis. Using odds ratios (OR) as an index of risk, feeding Coastal Bermuda hay (OR = 2.9) and failure to administer a pyrantel salt within 3 months of admission (OR = 3.1) placed horses at risk of development of ileal impaction. This study confirms the belief that feeding Coastal Bermuda hay places horses at risk of ileal impaction, although the quality of the hay may also play a role. Periodic administration of anthelmintics with efficacy against tapeworms should be considered to reduce risk of ileal impaction.
Introduction
Obstruction of the small intestine may require surgical intervention, in the horse, and is associated with substantial morbidity and m o r t a l i t y. Ileal impaction accounts for 12-42% of all ileal obstructions (Freeman 1999) and is particularly prevalent in the south-eastern region of the USA. Coastal Bermuda grass hay has been suggested to be a cause of ileal impaction However, because this hay is the predominant source of roughage fed in the southeastern USA, it has been difficult to know whether the type of hay or other factors, peculiar to the south-eastern USA, place horses at risk of developing ileal impaction. Ileal impaction is also a common cause of ileal obstruction in areas of the world where Coastal Bermuda grass hay is not fed. Recent studies in the UK by Proudman et al. (1998) have implicated a strong association between ileal impaction and infection with the intestinal tapeworm Anoplocephala perfoliata. Diagnosis of intensity of tapeworm infection by coprological methods can be unreliable, and serological methods are not yet available outside the UK. Of anthelmintics used routinely in equine practice, the pyrantel salts appear to be most e ffective at eliminating infection with A. perfoliata. The aim of the current study was to determine if horses that receive Coastal Bermuda grass hay are at risk for development of ileal impaction and if horses that were not treated with any pyrantel salt in the 3 months prior to admission were also at risk.
Materials and methods
Medical records of 78 horses treated surgically for ileal impaction at North Carolina State University College of Veterinary Medicine 1986-2000 were reviewed. Horses that did not have a confirmed or differential diagnosis of ileal impaction documented in the medical record during the same period and that had complete historical data regarding diet and anthelmintic prophylaxis were eligible for inclusion in one of 2 control groups. One hundred horses, evaluated for reasons other than colic, were selected randomly for inclusion in the study as the noncolic control group (NCC). Horses were also excluded from this group if they exhibited signs of colic during their hospitalisation. One hundred horses treated for colic unrelated to a possible or confirmed ileal impaction were selected randomly for inclusion in the colic control group (CC).
Recorded data
For the CC and NCC groups, details of age, breed and sex were obtained from the medical record. Dietary information extracted from the medical history included type of hay (timothy, alfalfa, orchard grass, Coastal Bermuda grass or oat) fed, whether the horse was fed a grain or grain mix concentrate feed or whether concentrate feed was in a pelleted form alone. Information was not consistently available regarding the method of grass preservation, amount of pasture access or frequency with which hay was fed. Historical information obtained from the medical record regarding anthelmintic prophylaxis related to whether the horse had access to a pyrantel salt in the 3 months prior to admission. Specifically, whether the horse received daily pyrantel tartrate or another pyrantel salt was recorded. For horses in the CC group, additional information recorded included whether a horse required surgical management to resolve the episode of colic and the surgical diagnosis or probable medical diagnosis (based on rectal and physical examination findings). For the ileal impaction group, in addition to the above information, several other parameters were extracted from the record. The month of admission, preoperative physical examination findings (heart rate, respiratory rate, presence of borborygmi, presence or absence of nasogastric reflux, rectal examination and abdominocentesis findings), surgical findings, method of reduction of the ileal impaction, complications and duration of postoperative recovery and whether the horse survived to d i s c h a rge were identified.
Statistical analysis
Subject details were evaluated for significant differences between the 3 groups, using 1-way ANOVA for age, and Chi-square analysis for sex and breed distribution. The significance level was set at P<0.05. For further evaluation of potential risk factors for ileal impaction, the CC group was divided further into horses treated by medical management alone, or those requiring surgical management for resolution of the colic. Potential risk factors for ileal impaction, including type of concentrate fed, pellets or nonpellet, whether horses had access to Coastal Bermuda grass hay and whether treated with any type of pyrantel salt in the 3 months prior to admission, were subjected to univariate logistic regression to assess these factors independently for subsequent inclusion in a multivariate model as previously described by Hosmer and Lemeshow (1989) . Odds ratios (OR) and corresponding 95% confidence intervals (CI) were estimated from the maximum likelihood coefficients (β coefficient). Variables with a CI that did not include 1 when evaluated univariately were used as the foundation for multiple logistic regression models. The models were assessed by evaluating changes in the estimated SE values of the maximum likelihood coefficients. Adjusted OR and corresponding 95% CI were estimated from the maximum likelihood coefficients. Four comparisons were made in the logistic regression modelling: horses with ileal impaction compared to those treated surgically for colic, horses with ileal impaction compared to those treated medically, horses treated for ileal impaction compared to NCC, and horses treated for nonileal impaction colic (CC) compared to NCC.
Results
There was no difference between the distribution of age, mean age, breed or sex between horses in the ileal impaction, CC or NCC groups (Table 1 ). In addition, there was no difference in season of presentation for horses with ileal impaction compared to CC. Mean ± s.d. duration of clinical signs, prior to admission, was 12.8 ± 7.2 h. Colic signs in horses were described as mild 11/78 (14%), moderate 38/78 (49%), severe 15/78 (19%) and depressed 14/78 (18%). Mean ± s.d. heart and respiratory rates on admission was 60 ± 19 beats/min and 28 ± 13 breaths/min, respectively. Gastrointestinal borborygmi were described as reduced or absent in 53/54 (98%) horses for which this information was available in the medical record. Rectal examination was used to diagnose ileal impaction in 7/78 horses and generalised small intestinal distension identified in 68/78 horses. Other findings during rectal examination included distended large colon in 6/78 horses, a large colon impaction in 2/78 and no palpable abnormalities in 2/78. Nasogastric reflux was obtained in 36/78 (46%) horses. Of 45 peritoneal fluid samples obtained, 41 (91%) had white blood cell counts (WBCC) <5000/µl, 3 (7%) <10000/µl and 1 (2%) >15000/µl. Total protein concentration in 29 (64%) samples was <25 g/l and >25 g/l in 16 (36%).
S u rgical findings were restricted to simple ileal impaction and small intestinal distension alone in 57/78 (73%) horses. Additional lesions included large colon displacement in 8 (10%) horses, small intestinal volvulus in 3 (4%), ileal hypertrophy in 2 (3%) and intra-abdominal adhesions in 2 (3%). In one horse, an intraluminal stricture was identified in the ileum. Six (8%) horses were treated by a variety of jejunocaecostomy techniques. T h e reason for the decision to perform jejunocaecostomy was not recorded in 2 cases, but both horses with ileal hypertrophy and the horse with an intraluminal ileal stricture were subjected to j e j u n o c a e c o s t o m y. One other horse that was treated surgically for a recurrence of ileal impaction was also treated by j e j u n o c a e c o s t o m y. Seventy-two horses were managed by manual reduction of the impaction into the caecum, followed by decompression of the small intestine into the caecum. Of these 72, 37 (51%) were reduced without infusion of the impaction, 26 (36%) were reduced after infusing the impaction with saline, and 9 (13%) were reduced after infusing the impaction with a solution of dioctyl sodium succinate (DSS).
Mean duration of hospitalisation was 8.5 days (range 2-22 days). Postoperative complications were recorded in 31/78 (40%) horses. Postoperative ileus, demonstrated by nasogastric reflux, was present in 26/78 (33%). Incisional drainage or infection was recorded in 19 (24%) horses, and postoperative colic was identified in 16 (20%) horses. Seventy-five of 78 (96%) horses with ileal impaction were discharged form the hospital. Euthanasia was performed on one horse due to complications relating to salmonellosis, one that demonstrated unrelenting colic and generalised ileus, and one postoperatively after a diagnosis of cervical vertebral stenotic myelopathy.
Following univariate logistic regression, access to Coastal Bermuda grass hay, and failure to treat with any form of pyrantel salt within 3 months prior to presentation were identified as risk factors for ileal impaction (Table 2 ). In addition, feeding a solely pelleted concentrate feed instead of a grain or a grain-mix reduced the risk of a horse developing ileal impaction. Feeding Coastal Bermuda grass hay, failure to administer pyrantel salts and feeding pelleted concentrate predisposed to colic when comparing NCC and CC groups, although the 95% confidence intervals included 1 (Table 3 ). The multivariate logistic regression model included access to Coastal Bermuda grass hay and failure to treat with any form of pyrantel salt within 3 months of admission (Table 4) . Addition of feeding pellets as a protective factor increased the OR for the other risk factors, but reduced the overall validity of the model, and was therefore excluded. Of the 48 horses with ileal impaction that had access to Coastal Bermuda grass hay, 7 (15%) horses had been changed to this hay within 3 weeks of presentation, and 9 (19%) horses were fed the hay diluted by another type. Four (8%) horses, not normally fed Coastal Bermuda hay, received this hay accidentally, either during transport or at a show. Nine of the 13 (69%) horses with ileal impaction that had been treated with a pyrantel salt had been treated with 6.6 mg/kg bwt pyrantel pamoate in the 3 months preceding admission. The remaining 4 (31%) horses were treated with 2.6 mg/kg bwt pyrantel tartrate daily. No horses with ileal impaction were treated with the recommended increased dosages (13.2-19.8 mg/kg bwt) of pyrantel pamoate in the 3 months preceding admission.
Discussion
Much of the descriptive data in this study (duration of colic at presentation, heart rate and respiratory rate at presentation, presence or absence of borborygmi, rectal examination findings, and presence or absence of nasogastric reflux) were similar to that reported by others (Embertson et al. 1985; Parks et al. 1989; Hanson et al. 1998) . Survival of horses recovered from anaesthesia to discharge (75/78: 96%) was similar to that reported by Embertson et al. (1985) (8/10: 80%), Hanson et al. (1998) (24/26: 92%) but improved compared to the results of Parks et al. (1989) (40/65: 61%) . All types of postoperative complication were identified less frequently in horses treated surgically for ileal impaction compared to horses treated by small intestinal resection in the same hospital during a similar time period (Morton and Blikslager 2002) .
Several authors have suggested that there is an association between feeding Coastal Bermuda hay and the development of ileal impaction, particularly in the south-eastern USA, where the hay is commonly fed (Embertson et al. 1985; Pugh and Thompson 1992; Hanson et al. 1998) . However, other authors have discounted the apparent association (Morris et al. 1989 ) and ileal impaction occurs in areas of the USA and in Europe where Coastal Bermuda grass hay is not fed. Cohen and Peloso (1996) found a significant association with feeding this hay and horses with a history of colic or those with chronic intermittent colic compared to those horses with no history of colic. The results of this study demonstrate, for the first time, that horses fed Coastal Bermuda grass hay are at increased risk of ileal impaction colic compared to horses admitted to a university teaching hospital for colic caused by other medical or surgical disease or horses evaluated for reasons other than colic. Feeding the hay does not, in itself, appear to predispose a horse to colic requiring either s u rgery or intensive medical intervention, since univariate logistic regression yielded 95% confidence intervals that included 1 when the NCC and CC groups were compared. Dilution of the hay with another type of hay does not appear to eliminate the risk of ileal impaction, and recent introduction of the hay and mistaken feeding of it appeared to have been involved in some cases of ileal impaction. Clearly, the influence of specific qualities of Coastal Bermuda grass hay need to be investigated further, because of its common use as a forage in south-eastern USA. Proudman et al. (1998) demonstrated a strong association between intensity of infection with the tapeworm A . p e r f o l i a t a and both ileal impaction and spasmodic colic using both coprological assay and serological methods. Using coprological assays, Kivipelto et al. (1998) suggested that pyrantel tartrate administered daily at 2.6 mg/kg bwt was effective at eliminating egg production by tapeworms. DiPetro (1992) suggested that 6.6 mg/kg bwt pyrantel pamoate is 85% effective in the control of tapeworms, even though the generally accepted dose for tapeworm control is 13.2 mg/kg bwt with greater than 90% control achieved at this dose. Direct assessment of intensity of infection was not possible due to the retrospective nature of this s t u d y. However, use of any pyrantel salt within the 3 months prior to admission was used as an indicator to assess whether infection with tapeworm was likely to be a risk factor for ileal impaction in North Carolina. Results demonstrate that failure to administer a pyrantel salt in the 3 months prior to admission is a risk factor for development of ileal impaction when horses with ileal impaction were compared to horses in the medical and s u rgical colic control groups and when horses with ileal impaction were compared to horses admitted for reasons other than colic. When pyrantel administration was compared for horses in the CC group to horses in the NCC group, the 95% confidence interval included 1, indicating that there was little d i fference in risk between the groups whether or not pyrantel was administered. This is in agreement with the work of Proudman et al. (1998) , who also found that spasmodic colic was correlated positively with intensity of tapeworm infection. No horses in the CC group had a diagnosis of spasmodic colic, nor would they be expected to have such a diagnosis since all horses in the CC group were referred for further evaluation of persistent, nonresponsive colic. The influence of infection with A. perfoliata on development of ileal impaction in North America should be investigated further using serological assays available in the UK.
Horses fed a pelleted concentrate feed in addition to forage were at lower risk of ileal impaction compared to horses that were fed grain or a grain mix. The significance of this is uncertain. However, it has been shown that pelleting a feed ration increases the rate of digesta passage in the small intestine (Hintz and Loy 1966) , suggesting the possibility that transit time is involved in development of ileal impaction. On the other hand, Morris et al. (1989) found no association between feeding of pellets and ileal impaction. 
